Abstract-The obvious features of artificial stone wastewater are high SS and COD concentration, and the wastewater cannot meet the discharge standard. Three-stage coagulation procedure was adopted to dispose wastewater by controlling the different coagulants, coagulant dosage and pH value in this study. The results showed that aluminum sulfate was acted as coagulant and the dosages were 56.70mg/L,16.00mg/L and 7.50mg/L respectively in the three-stage coagulation procedure,
INTRODUCTION
The main pollutants of artificial stone processing wastewater were SS and COD. It was result from stone powder came from stone cutting and edging, and the residues of auxiliary raw material, used for processing, such as resin adhesive, curing agent and so on Powder in the water showed the state of suspended and colloidal, the concentration of SS was 1000mg/L or more [1] [2] [3] . The main components of residues were resin acids and their saponification products, unsaturated fatty acids and their saponification products, lignin and their degradation products, etc. At present, only part of SS can be removed by coagulation and sedimentation [4] [5] [6] [7] [8] [9] .
II. MATERIAL AND METHODS
Wastewater from Guangxi Li Sheng Stone Industry Co., Ltd., the water property was present in table 1. Three Coagulants, aluminum sulfate, poly aluminum, ferric chloride, were used in the experiment. The coagulant was prepared into 10 g/L solution.
The first coagulation: 600mL wastewater was took into a 1000mL stirring cup, the wastewater was adjusted to a pH value, a certain amount of coagulation was added into the stirring cup and stirred with six-unit coagulant mixer. The process of six-unit coagulant mixer: the first stage, stirred for 30s, with a speed of 300r/min; the second stage, stirred for 3min, and the stirring speed was 150r/min; the third stage, stirred for 5min, the speed was 150r/min. After then rest for 20min, the supernatant was taken and the COD, SS and turbidity were measured.
The second coagulation: 500mL supernatant of the first coagulation was added into a 1000mL stirring cup, and then dispose the supernatant with the same as the first coagulation stirring process, Resting for 20min after completing stir, the supernatant was taken, and then COD, SS and turbidity were measured.
The third coagulation: 400mL supernatant of the second coagulation was added into a 1000mL stirring cup, adjusted the pH value, added in a certain amount of coagulation and stirred with six-unit coagulant mixer with the same as the first coagulation stirring process, Resting for 20min after completing stir. Finally, the COD, SS and turbidity were measured in the supernatant. Absorption: 50mL supernatant of the third coagulation was injected into 100mL centrifuge tube, and different dosage diatomite was added into the centrifuge tubes respectively. The supernatant was adjusted to a pH value. After then oscillating the tubes with Constant water bath panoscillating for 6h, Centrifuged the sample with a speed of 4000 r/min for 5min, then COD in the supernatant was measured.
COD was measured by dichromate digestion in a Microwave Oven with ECH-Ⅱmicrowave heater; SS was tested by weight method with WSZ-100 and WSZ-800 turbidity meter; the pH value was measured with a UB-7 pH meter; the coagulation experiment was carried out with a ZR4-6 type six-blending coagulator.
III. RESULTS AND DISCUSSION

A. The Effect of Different Coagulants on COD and SS
Aluminum sulfate, poly aluminum chloride, ferric chloride were selected as coagulant, the wastewater was adjusted to the different pH values, the dosage of three coagulants was 83.33mg/L (table 2 to 4) With the increasing of pH value (Table2), the removal rate of COD increased gradually. In addition, when the pH value was 7.6, the removal rate of COD was the best with the value of 41.57%. However the pH value was range from 8 to 10, removal rate of COD was decreased slightly. Besides, after coagulation the removal rate of SS and turbidity in wastewater both reached over 99% and 95% respectively. Table 3 was shown that poly aluminum chloride was selected as the coagulant, with the increasing of pH value, the removal rate of COD increased gradually. When the pH value was 10.0, the removal rate of COD was the best with 37.77%. The removal rate of SS and turbidity both reached over 99% and 95% respectively after coagulation.
That ferric chloride was selected as the coagulant, with the increasing of pH value, the removal rate of COD increased gradually. When the pH value was 10.0, the removal rate of COD was the best, and the value was 33.65%.The removal rate of SS and turbidity both can reach over 99% and 95% respectively after coagulation.
It was observed that the three coagulants can remove SS and turbidity in the wastewater efficiently. Although the removal rate value of COD was not high, 1853.44~3591.42mg/L of COD can be removed, and the coagulation effect of aluminum sulfate was better than aluminum chloride and ferric chloride. Therefore, aluminum sulfate was the best coagulant, and its optimum pH was 7.6. The coagulation experiments with different dosages were made with aluminum sulfate as coagulant (Table 5) .
With the increasing of dosage, the removal rate of COD was increased gradually and the best was 43.86% when the dosage was 56.7mg/L, but the removal rate declined when added the dosage continually. Thus the best dosage of coagulant was 56.7mg/L. After coagulation, the removal rate of SS can reached over 99%, and the removal rate of turbidity was above 95%.
Under the dosage was 56.7 mg/L, pH=7.6, removal rate of SS and turbidity were high. After the coagulation, SS was 8.2 mg/L and the turbidity was 16 NTU, meeting the discharge standard, but COD removal rate just was 43.86%.Although the value of COD was declined from 8640.00 mg/L to 4850.21mg/L, it was still beyond the reach of discharge standard. Therefore, to proceeding the second and third coagulation on the basis of the first coagulation experiment was necessary for treatment process. 
B. The Effects of the Second and Third Coagulation Selecting Aluminum Sulfate as Coagulant
The dosage of aluminum sulfate was 56.7mg/L, the first coagulation supernatant (COD was 4850.21mg/L, SS was 8.2 mg/L) under the dosage of coagulant was 56.7mg/L and pH=7.6 was adjusted to the various values of pH, and carried out the second coagulation, the results were present in table 6.Table7 was shown the experimental results on the conditions that optimum pH and different dosages. There were no analysis about the removal of SS and turbidity, on account of the supernatant containing the low concentration of SS and turbidity. Therefore, only the SS and turbidity values of the supernatant after second coagulation were listed. The removal efficiency of COD was the best when pH value was 7.6, with the value of 90.76%. The SS of the wastewater after coagulation was 8.9 mg/L, the turbidity was 7.5 NTU and the COD was 448.35 mg/L.
That optimal pH value of 7.6, the removal rate of COD increased with the increasing of the dosages, but it increased slowly when the dosage was more than 16 mg/L. Thus, from the point of view of economic, the optimum dosage was 16mg/L. After the second coagulation, the SS, turbidity and COD of supernatant were 10.4 mg/L, 10.1NTU and 462.42 mg/L respectively. As a result of the secondary coagulation, the COD removal efficiency and the removal rate were more than 90%, but the COD of effluent was 462.42 mg/L, which could not meet the discharge standard. Therefore, it is essential to carry out the third coagulation based on the coagulation of previous experiment. The optimum pH values of the first and second coagulation were 7.6, and the third coagulation pH was also 7.6.During carrying out the third coagulation of different dosages (table 8) . That optimal pH value of 7.6, the COD removal rate increased with the increasing of the dosages. The dosage of 7.5mg/L was the best, however the dosage increased continually, the removal rate of COD was decreased, so the optimum dosage was 7.5mg/L. After the third coagulation, SS was 8.8mg/L, turbidity was 6.9NTU, and COD was 73.65mg/L. It could meet the Integrated Wastewater Discharge Standard. The removal rate of SS, turbidity and COD was 99.48%, 99.38% and 99.15% respectively. 
C. The Effect of Diatomite Adsorption on the Removal of COD and SS
After the three times coagulation, the removal rate of SS, turbidity and COD were more than 90%,but the rest of COD was 73.65mg/L, still beyond the discharge standard. Therefore, experiment of adsorption treatment was further to be done continually. The diatomite was chosen as absorbent and took the supernatant (COD was 86.4mg/L) after coagulation 50mL,the pH value was adjusted to 5.6,6.4,6.9,7.6,8.4 and 10.0 respectively [10] . 5g absorbent was added to each of the supernatant. Absorption results. Thus the optimum pH was 6.4. 50mL supernatant (COD was 86.4mg/L) after coagulation was taken, the pH value was adjusted to 6.4, and then the different dosages of absorbent was added to the supernatant. Under the condition that optimal pH value of 6.4, the COD removal rate increased with the increasing of
Advances in Engineering Research, volume 94
the dosages of diatomite. When the dosage of diatomite was 1g, the removal rate was the highest. If the dosage increased continually, the removal rate of COD decreased ( fig.3) . Thus the optimum dosage of diatomite was 20g/L. The COD of the supernatant after absorbing was 16.18 mg/L, and the removal rate of COD was 80.56%, reaching the Integrated Wastewater Discharge Standard.
IV. CONCLUSIONS AND SUGGESTION
The comparison showed that aluminum sulfate was the suitable coagulant, and the dosages of three times coagulation were 56.7mg/L, 16mg/L and 7.5mg/L respectively. The supernatant obtaining after treating the artificial stone wastewater with coagulation, contained the SS with the concentration of8.8mg/L, the turbidity with the concentration of 6.9NTU, the COD with the concentration of 73.65mg/L, the supernatant after coagulation met the secondary standard number in GB8978-1996.When the pH was 6.4 and the dosage was 20g/L, diatomite as the absorbent treated the supernatant obtained after the coagulation with adsorbing. The COD could decrease to 16.8mg/L reaching the primary standard number A level (COD was 50mg/L). At last, it could be used for production directly.
